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5 Claims. (C. 23-110) 

The present invention is concerned with the treatment 
of silico-magnesia minerals to convert them into forsterite 
(SiO2.2MgO) or into products having a high content of 
forsterite, for use as refractory materials (melting point of 
forsterite about 1900 C.). The invention is concerned 
with the treatment of silico-magnesia minerals containing 
a greater proportion of silica than forsterite; this is gen 
erally the case with the naturally occurring minerals. In 
particular, minerals having, as their base, the fellowing 
rocks or minerals (here mentioned by way of indication 
and not by way of limitation) may be treated: drysolites 
(olivines), pyroxenes (enstatite), peridotites (dunit, harz 
burgite, wherite, lherzoite), pyroxenites, pyroxenolites, 
serpentine minerals and serpentine rocks, steatites, talc 
and magnesia basalts. 

These minerals or rocks contain, in addition to silica 
and magnesia, larger or smaller quantities of iron oxide 
and other minor constituents, particularly alumina. Cer 
tain of the foregoing minerals are abundant in nature, 
but are only utilized to a relatively smail extent. In par 
ticular, their employment for the preparation of refractory 
materials is considerably limited owing to the presence 
of iron oxide and of large quantities of silica, which lower 
the temperature at which the refractory material would 
break up under load. On the one hand, silica in excess 
of that required for forsterite gives enstatite (SiOMgO) 
and a eutectic with the low melting-point of 1560° C.; 
on the other hand, the ferric oxide which is formed in 
an oxidising medium is only slightly soluble in the solid 
state in forsterite and gives a fusible phase. 

In order to improve the refractory qualities of these 
products, the prior processes generally treat them at a 
high temperature with magnesia or products rich in mag 
nesia, so as to obtain refractories which are richer in 
forsterite. These prior processes have the disadvantage, 
on the one hand, of using rather expensive products and, 
on the other hand, of generally not eliminating the iron 
which is often present in large quantities. 
An object of the present invention is to obtain, in a 

single thermal treatment and without any addition of 
magnesia, a product which is very rich in forsterite. 
The process of the present invention essentially com 

prises the silico-magnesia mineral, at a high temperature, 
with a carbonaceous product, i.e. carbon or a solid, liquid 
or gaseous product containing carbon, in such a manner 
as to reduce the iron oxide present to the metallic state 
and, on the other hand, to reduce a part of the silica 
to the volatile silicon monoxide, or to silicon, and thus 
to obtain a product which is rich in forsterite. The silica 
in excess of that required for forsterite is, as a matter 
of fact, easily reduced by the carbon and it is therefore 
possible in practice, to eliminate it without loss of very 
large quantities of magnesia. 

Part of the silica is apparently volatilized as the mon 
oxide, SiO. Another part is eliminated by the forma 
tion of ferro-silicon or a composition which is often near 
that of the silicide, Fe3Sis, and which contain only small 

O 

20 

25 

30 

3 5 

40 

55 

60 

65 

70 

2 
quantities of magnesium and of carbon. The elimination 
of silica by the formation of iron silicide appears to pro 
ceed more readily than the elimination by means of the 
volatilization of the monoxide, and the presence of iron 
is practically indispensable in order to carry out the proc 
ess of this invention with a good yield and limited losses 
of magnesia. It may, therefore, be advantageous in cer 
tain cases to add a small quantity of iron oxide or iron 
to the mineral in order to facilitate the elimination of 
silica in excess of that required for forsterite. 
The temperature should be sufficiently high to enable 

the foregoing double reduction to take place rapidly but 
should not be excessively high as otherwise a great re 
duction of the forsterite itself by the carbon may take 
place. By way of indication, but not by limitation, tem 
peratures of the order of 1800 to 1900° C. may be em 
ployed. 
The present invention may be carried into effect using 

known furnaces, and furnaces heated by concentrated 
radiation of solar, electrical or other origin or by graphite 
resistances may preferably be employed. 

It may also be advantageous to employ a furnace which 
provides a large apparent surface for the mineral being 
treated, to promote the ready volatilization of the silica 
in excess of that required for forsterite, thereby to ob 
tain a more homogeneous product. 
A preferred embodiment of the present invention will 

be hereinafter described with reference to the accompany. 
ing drawing, given merely by way of example, and in 
which: 

Fig. 1 is a cross section on the line I-I of Fig. 2 and 
iig. 2 is an axial Section of a furnace according to 

the invention. 
By way of non-limitative indication, the process of the 

present invention inay be carried out in a cylindrical 
metallic vessel rotated about its axis X-X at a speed 
Sufficient for the centrifugai force to cause the mineral 
being treated to adhere to the walls of the vessel. The 
mineral is heated either by means of concentrated radia 
tion (of Solar, electrical, or other origin) which passes 
into the cylindrer through an orifice 2 arranged at one 
of its ends and on its axis, or by means of a heating re 
sistance 3 (in particular a graphite resistance) placed 
along the axis of the cylinder. The treatment mixture 
which consists of, for exampie, a mixture of mineral and 
of charcoal is brought rapidly to its melting temperature 
and reacted; the reacticin progresses from the inside of 
the furnace to the outside; tie outer part of the mixture 4 
being adjacent to the walls, which are preferably cooled, 
Serves as a heat insulator, thereby to reduce or avoid 
contamination of the product 5 by an extraneous support. 
The iron, which is reduced by the carbon, collects as 
shown in 6 in the form of globules containing silicon, 
whilst the silicon in excess of that required for the for 
mation of forsterite is rapidly eliminated. After cooling, 
the product is separated from the fritted underlying part; 
it is crushed and the metallic globules of ferro-silicon or 
of reduced metal are separated by magnetic sorting. 

In general the process of the present invention enables 
a product extremely rich in forsterite to be obtained and 
which can conveniently be separated from the metallic 
phase by, for example, crushing followed by separation 
by means of agitating tables, evigation, flotation, by mag 
netic sorting or by means of chemical separation (for ex 
ample, by washing with a suitable reagent). 
The forsterite obtained, whether molten or fritted, is 

of granular structure, the grains thereof being colourless 
and more or less fine; only a single phase is visible under 
the microscope and any coloured phase rich in iron is 
absent. 
The product obtained is practically free from iron 
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and does not contain more than a certain quantity of alu 
minium which is necessarily limited, especially if certain 
minerals which are extremely low in alumina are em 
ployed. 

Thus, a serpentine of the total composition SiO 39.2%; 
Fe2O3 5.8%; Fe0 0.9%; AlO 1.8%; MgO 37.8% (plus 
a certain quantity of water) which was treated with 20% 
of charcoal in the centrifugal furnace hereinbefore de 
scribed, gave a product of the total composition SiO2 
41.4%; MgO 55.9%; AlO 2.7% (molecular ratio 
MgO/SiO2=2.01) which is near to that of the composi 
tion of forsterite namely SiO 42.7%; MgO 57.3% 
(molecular ratio MgO/SiO=2.00). 
However, the elimination of silica is often accom 

panied by losses of magnesia. If the mass of the product 
that is brought to a high temperature contains excess of 
carbon, the magnesium formed by the reduction of the 
magnesia content of the mineral distils towards the cold 
parts of the furnace and the total magnesia content of 
the product may be reduced. This loss may not be negli 
gible and it may then in practice be extremely difficult 
to obtain a product which is as rich in magnesia as is 
forsterite, even by aiding the elimination of the silica 
by the addition of iron (formation of ferro-silicide in a 
reducing medium). 

This invention also provides, according to a further 
aspect, a modified process for overcoming this difficulty. 

In this modification there is present in the furnace 
in which the process is carried out, an oxidising atmos 
phere (air, oxygen, etc.), or oxygen-containing substances 
which can be reduced by magnesium. It is therefore 
necessary to set up in the furnace, in the vicinity of tile 
reducing and carbonising zone which is necessary to elimi 
nate the iron and a part of the silica, an oxidising zone 
to enable the magnesium corresponding to the quantity 
of magnesia reduced in the carbonising zone to be oxidised 
to magnesia, the latter then combining with the silica 
produced to form forsterite. 
Under these conditions, since the quantity of magnesium 

which distils off to the cold parts of the apparatus is 
brought back into the mass, the losses of magnesia are 
Small and the final product has a composition which is 
practically identical with that of forsterite (SiO2MgO). 

It should be noted that the volatile monoxide SiO oxidises less easily than magnesium, the silica which is 
formed not being combined chemically with a product 
having, in general, an excess of this oxide in relation to 
forsterite. 
Owing to the great affinity of magnesium for oxygen, 

many oxidising substances other than air may be used, 
for example carbon dioxide, which is easily reduced by 
carbon, alone or mixed with carbon monoxide or other 
gases. 
Among the furnaces which are suitable for carrying 

out this modified process, there may advantageously be 
used electric furnaces comprising one or more graphite 
radiators, in which an atmosphere consisting of carbon 
monoxide and a small quantity of carbon dioxide is 
easily produced. 

In the case in which the oxygen is provided by air, 
the centrifugal solar furnaces are especially to be recom 
mended for such furnaces operate in the open air. The 
central initially carbonizing Zone oxides rapidly, whilst 
the reduction by the carbon or the carbonaceous products 
takes place in the peripheral parts of the furnace which 
are at the greatest distance from the inlet opening for 
the radiation, through which the gaseous exchange with 
the atmosphere takes place. The oxidising action extends 
progressively at the expense of the carbonising zone, at 
the rate at which the reaction takes place. The mass of 
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4. 
product obtained in the oxidising zone has a composition 
which is very near to that of forsterite, is substantially 
free from iron and generally does not contain as impuri 
ties more than Small quantities of alumina (found in the 
mineral). 
The limits between the oxidising zone and carbonizing 

zones in the furnace are indicated by a stippled line 7. 
By way of indication, in a solar centrifugal furnace, 

the high temperature treatment of a mineral of the total 
composition: SiO, 37.8%; MgO 36.9%; Al2O3 2.8% 
FeaO 8.2%; CaO 1.2%; HO 13.1% in the presence 
of 10% charcoal gave a final product having a total 
composition: SiO 42%; MgO 54.5%; Al-O 2%; FeO 
0.5%; CaO 1%, the loss of magnesia being less than 5% 
of the initial quantity present. 

in either case, the product obtained, which is substan 
tially pure forsterite, constitutes one of the most ad 
vantageous raw materials for the preparation of refrac 
tory bricks of high quality, or for any other application 
of this kind. The melting point of the refractory articles 
thus obtained is near that of forsterite, that is to say 
near 1900 C., the point of breaking down under load 
being very high owing to the elimination of the fusible 
ferruginous products and of the excess silica which forms, 
with the forsterite, a eutectic of low melting point. 
What we claim is: 
1. A method for the treatment of a silica and forsterite 

inineral containing a greater proportion of silica than 
forsterite which comprises mixing said mineral with a 
carbonaceous product capable of reducing metallic oxides, 
placing the mixture thus obtained in a rotary furnace 
having a central opening and rotating said furnace where 
by said mixture is forced against the inner wall of said 
furnace while leaving an empty Zone in said furnace 
about the axis of rotation thereof, said empty Zone con 
taining said central opening of the furnace and said 
central opening being fed with at least one gaseous oxygen 
containing substance reducible by magnesium to produce 
an oxidizing atmosphere in said empty Zone and heating 
said mixture from the empty Zone of said furnace at a 
temperature sufficient to reduce the silica and iron oxide 
present in said material, the oxidizing atmosphere in said 
zone reoxidizing the amounts of magnesium produced 
by the reduction of magnesia from said mineral by said 
carbonaceous product. 

2. A method according to claim 1 in which said heat 
ing is conducted at a temperature ranging from 1800. 
to 1900 C. 

3. A method according to claim 1 in which a small 
quantity of a substance selected from the group consisting 
of iron and iron oxide is added to the silico-magnesia 
mineral to facilitate the elimination of silica in excess 
of that required for forsterite. 

4. A method according to claim 1 in which the car 
bonaceous product is charcoal. 

5. A method according to claim 1 in which said oxidiz 
ing atmosphere consists of air. 
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